SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 



BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a semiconductor device and a manufacturing method 
thereof, and more particularly to a transistor device with improved high-frequency 
characteristics and a manufacturing method thereof. 
Description of the Related Art 

A structure of a general NPN-type planar transistor is shown in Fig. 17. Namely, on 
the surface of an N-type collector layer 51 comprising an N*-type semiconductor layer, a P- 
type base region 53 is formed, an N*-type emitter region 54 is formed on the surface of the 
base region 53, and the surface is coated with a silicon oxide film 55. Opening portions are 
formed on the silicon oxide film 55 so as to become contact holes and a base electrode 56 
and an emitter electrode 57 are formed. Since high-fi-equency characteristics mainly depend 
on the base width Wb, a graft base-type structure where a P^-type external base region 58 is 
provided on the periphery of the emitter region 54 is employed. With this shape, a narrow 
base width Wb is obtainable and, at the same time, curvature of a depletion layer extending 
over base-collector junctions is decreased, and base resistance rb can be reduced. 

In addition, in order to obtain a shallow base width Wb, a shallow emitter junction is 
indispensable, therefore, formation of the emitter region 54 by impurity diffusion fi-om a 
polysilicon layer with impurities doped has been carried out (for example, Japanese Laid- 
Open Patent Application No. Hei 7-142497). 

However, the graft base type has problems such that, since the base region 53 and the 
external base region 58 are formed by different processes, the processes become complicated 
and since the shallow base region 53 is formed by thermal diffusion, the diffusion depth 
thereof easily becomes imeven and imevenness in the high-frequency characteristics also 
increases. 



In order to solve such problems, as shown in Fig. 18, a method has been also carried 
out wherein a sidewall 68 is provided on the inside wall of a trench 62 formed on the base 
region 63, a diffusion source layer 60 for forming an emitter region is formed on the trench 
62, and impurities are diffused from the base region 63 which is exposed at the bottom 
portion of the trench 62 so that an emitter region 64 is formed (for example, Japanese Laid- 
Open Patent Application No. 2000-252290). 

Li a transistor shown in Fig. 18, since the emitter region 64 is formed on the bottom 
portion of the trench 62, therefore, the base width Wb can be controlled by the length of 
trench 62. In order to obtain an extremely shallow junction by thermal diffusion, it is 
necessary to lower the impurity concentration, therefore unevenness occurs, whereas the 
impurity concentration of the base region 63 can be higher owing to the trench 62 to some 
extent, whereby unevenness in the base width Wb can be reduced. In addition, since 
formation of an external base region is imnecessary, the processes also become simple. 

However, a base electrode 69 is grounded only via a contact hole, the distance 
between the base electrode 69 and an active region of the base immediately under the emitter 
region 64 where carriers move is long and the grounded area is also small, therefore there has 
been a limit to any fiirther reduction in base resistance rb. 

Furthermore, the capacitance Cbe is related to the area of the emitter region 64, and rb 
and Cbe greatly affect fr, which is a cut-off frequency, therefore, reductions in these have 
been demanded. 

SUMMARY OF THE INVENTION 
This invention provides a semiconductor device comprising a first conducting type 
base region formed on the surface of a second conducting type collector layer, a trench 
provided on the surface of the base region, a second conducting type emitter region formed 
on the surface of the base region which is exposed at the bottom portion of the french, a 
sidewall provided on the inside wall of the trench, and an elecfrode in contact with the whole 
surface of the base region excluding the trench. In this configuration, a base electrode layer 



is provided from the side surface of the trench to the whole surface of the base region, 
therefore the distance between the active region of the base immediately under the emitter 
region and the base electrode can be reduced and also the grounded area of the base electrode 
increases. Namely, the base resistance rb can be drastically reduced. 
5 Moreover, due to the sidewall provided for the trench, the bottom portion of the 

trench becomes narrower than the opening portion thereof, therefore the area of the emitter 
region formed on the bottom portion is reduced, thus realizing a reduction in the capacitance 
content Cbe- 

Also, a method for manufactiuing a semiconductor device of this invention 

1 0 comprises steps of forming a first conducting type base region on the surface of a second 
conducting type collector layer, forming a base electrode layer on the surface of the base 
region and forming an insulating film on the surface of this base electrode layer, forming a 
trench, which does not reach the collector layer, on the base region by creating an opening at 
a part of the base electrode layer and the insulating film and forming a sidewall on the inside 

1 5 wall of the trench, forming a polysilicon layer containing impurities for emitter diffusion 
inside the trench, forming an emitter region by diffusing the impiuities from the polysilicon 
layer, and forming a through hole on the insulating film so as to form a base elecfrode which 
comes into contact with the base electrode layer and, at the same time, forming an emitter 
electrode which comes into contact with the polysilicon layer. According to this method, by 

2 0 providing the sidewall for the trench and performing emitter diffusion, the emitter region 
which is finer than the limit of a photo-etching technique can be formed, thus a transistor 
device which is superior in the high-frequency characteristics can be manufactured. 

Moreover, a method for manufacturing a semiconductor device of this invention 
comprises steps of preparing a first conducting type collector layer, forming a base electrode 

2 5 layer made of polysilicon containing second conducting type impurities on the surface of the 
collector layer and forming an insulating film on the surface of this base elecfrode layer, 
forming a trench on the collector layer by creating an opening at a part of the base elecfrode 



layer and the insulating film and doping second conducting type impurities into the whole 
surface, forming a sidewall on the inside wall of the trench, forming a polysihcon layer 
containing impurities for emitter diffusion inside the trench, diffusing the impurities in the 
periphery of the trench and underneath the base electrode layer for forming a base region 
5 and, at the same time, diffusing the impurities from the polysilicon layer for forming an 
emitter region, forming a through hole on the insulating film and forming a base electrode 
which comes into contact with the base electrode layer and, at the same time, forming an 
emitter electrode which comes into contact with the polysilicon layer. According to this 
methods, the active region of the base immediately under the emitter is formed by diffiising 

g 1 0 the impurities doped in the periphery of tiie trench, thus a transistor device which has less 

O unevenness in spite of a shallow junction can be manufactured 

P This invention provides a semiconductor structure by which, first, the base resistance 

rb can be substantially reduced. The trench is formed using the base electrode layer and the 

nj 

= oxide film which are provided on the whole surface as a mask, whereby the trench and the 

m 15 base electi-ode layer become adjacent to each other. Since carriers move between the active 

SJ region of the base immediately under the emitter and the base electrode layer, in comparison 

O 

to the prior art where grounding is carried out only at a contact hole, not only can the 
distance be substantially shortened but also the grounded area is greatly increased. That is, 
since the base resistance rb can be reduced, this becomes greatly advantageous in an 

2 0 improvement in the high-frequency characteristics. 

Secondly, the emitter region finer than the limit of the photo-etching technique can 
be formed. Due to the sidewall on the inside wall of the trench, the bottom portion of the 
trench becomes narrower than the opening portion thereof in width and the emitter region 
formed by diffusion of impurities from the bottom portion becomes fine. 

25 In particular, the trench itself for forming the emitter region is formed into a -y^shape 

where the width of the bottom portion is narrower than that of the opening portion, whereby 
the area of the emitter region becomes fijrther finer. The area of the emitter region relates to 
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the base-emitter capacitance Cbe, and this capacitance can be reduced, therefore high- 
frequency characteristics are greatly improved. 

In addition, according to the manufacturing method of this invention, first, only by 
using the doped polysilicon and insulating film as the mask for creating the openings of the 
trench for forming the emitter region, the base resistance rb can be greatly reduced. 

Secondly, due to the sidewall provided on the trench, the emitter region which is 
finer than the Umit of the photo-etching technique can be formed. In particular, by changing 
the etching gases, there is an advantage such that a 7-shaped trench can be formed and a 
further finer emitter region can be formed. 

Thirdly, due to the formation of the trench, the base width Wb can be controlled by 
the depth of the trench, or the base region can be formed by the diflfusion from the trench, 
therefore in spite of a shallow junction, in either case, the base region and the base active 
region immediately under the emitter region can be uniformly formed in terms of the 
impurity concenfration and unevenness can be reduced. 

That is, it is possible to suppress the unevenness of impurity concentration in the 
base active region, reduce the base-emitter capacitance, and reduce the base resistance rb. 
Therefore a semiconductor device which is excellent in high-frequency characteristics and a 
manufactiiring method thereof can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a semiconductor device of this invention. 

Fig. 2 is a cross-sectional view of another semiconductor device of this invention. 

Fig. 3 is a cross-sectional view of a device intermediate according to a first 
manufacturing method of this invention. 

Fig. 4 is a cross-sectional view of the device intermediate according to the first 
manufacturing method following the step of Fig. 3, 

Figs. 5 A and 5B are cross-sectional views of the device intermediate according to the 
first manufacturing method following the step of Fig. 4, 
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Fig. 6 is a cross-sectional view of the device intermediate according to the first 
manufacturing method following the step of Fig. 5 A, 

Fig. 7 is a cross-sectional view of the device intermediate according to the first 
manufacturing method following the step of Fig. 6, 

Fig. 8 is a cross-sectional view of the device intermediate according to the first 
manufacturing method following the step of Fig. 7, 

Fig. 9 is a cross-sectional view of the device according to the first manufacturing 
method following the step of Fig. 8, 

Fig. 10 is a cross-sectional view of a device intermediate according to a second 
|=i 10 manufacturing method of this invention, 

Fig. 1 1 is a cross-sectional view of the device intermediate according to the second 
manufacturing method following the step of Fig, 10, 

Figs. 12A and 12B are cross-sectional views of the device intermediate according to 
the second manufacturing method following the step of Fig. 11, 

J , 1 5 Fig. 1 3 is a cross-sectional view of the device intermediate according to the second 

rd 

manufacturing method following the step of Fig. 12 A, 

Fig. 14 is a cross-sectional view of the device intermediate according to the second 
manufacturing method following the step of Fig. 13, 

Fig. 15 is a cross-sectional view of the device intermediate according to the second 
2 0 manufacturing method following the step of Fig. 14, 

Fig. 16 is a cross-sectional view of the device according to the second manufacturing 
method following the step of Fig. 15, 

Fig. 17 is a sectional -view of a prior art device, and 
Fig. 1 8 is a sectional view of another prior art device. 
2 5 DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of this invention will be described in detail with reference to Fig. 1 
through Fig. 16. 
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Fig. 1 is a sectional-view of an NPN-type transistor device, which is a first 
embodiment of this invention. 

A transistor comprises a collector layer 1 , a base region 3, a base electrode layer 4, a 
trench 8, a sidewall 9, a polysilicon layer 10, an emitter region 1 1, a base electrode 12, and 
an emitter electrode 13. 

The collector layer 1 is a semiconductor substrate having an N^-type semiconductor 
layer on its back face. 

The base region 3 is a P-type region formed on the surface of the collector layer 1 . 
This base region 3 is composed of a diffusion region which is formed to have an appointed 
diffusion depth by thermal diffusion or a semiconductor layer which is formed on the 
collector layer 1 by vapor-phase growth and has a profile of the impurity concentration fixed 
in the thickness direction, and has a thickness in the order of 1 .0|am. 

The base electrode layer 4 is made of a polysihcon layer which comes into contact 
with the whole surface of the base region 3 excluding the trench 8 and covers the top of the 
collector region 1, and includes, for providing conductivity, impurities in the order of 
lxlO'''cm"^. Li addition, in place of the polysilicon layer, a silicide layer or a multi-layer film 
composed of polysilicon and silicide may be used. Since the base electrode layer 4 covers a 
part of the collector layer 1 and is provided via a LOCOS oxide film 2 in the order of 
I2OOOA, the base-collector capacitance can also be reduced. An oxide film 5 is provided on 
the base electrode layer 4, however, in place of the oxide fihn 5, an insulating film such as a 
multi-layer film composed of an oxide film and a nitride film or the like may be provided. 

The trench 8 is formed on the surface of the base region 3, is shallower than the base 
region 3, and has sidewall 9 on its inside wall. The trench 8 has an opening width in the 
order of 0.5|im and is dug down to a depth of approximately 0.7|Am firom the base region 3 
surface, and the emitter region 1 1 is diffused on the bottom portion of the trench 8. 

The sidewall 9 is made of an insulating fihn such as a non-doped silicon oxide film 
or the like and coats the inside wall of the trench 8 at a film thickness of approximately 



0.1 nm. Accordingly, if the trench 8 is opened with 0.5jimx0.5|im, the base region 3 is, due 
to the sidewall 9, exposed with a size of 0.3^mx0.3|im at the bottom portion of the trench 8. 

The polysilicon layer 10 covers the inside wall of the trench 8 and becomes a 
diffusion source of the emitter region 1 1 . In addition, this polysilicon layer 1 0 constitutes a 
5 part of the emitter electrode 13 to be formed on the upper portion thereof 

The emitter region 1 1 is an N-type impurity diffusion region formed on the surface 
of the base region 3 which is exposed at the bottom portion of the trench 8, and has a depth in 
the order of O.lfam. 

The base electrode 12 is made to contact with the base electrode layer 4 by providing 

Hi 0 the oxide film 5 on the base electrode layer 4 with a through hole. For the base electrode 12, 

O 

y a conductive material or metal that is similar to that of the base electrode layer 4 is used. 
01 The emitter electrode 13 comes into contact with the polysilicon layer 10 and is 

provided on the upper portion of the polysilicon layer 10. 

Fig. 2 is a second embodiment of this invention, wherein the trench 8 is formed in a 
5 fluted or 7-shape. The trench 8 itself is in a shape having a narrow bottom portion and other 
components are the same as those of the first embodiment. 

When etching gas for forming the trench 8 is changed and anisotropic etching is 
carried out, the inside wall thereof has an slope, an angle that is created by an tangent line of 
the slope and the semiconductor substrate surface becomes gradually smaller as it proceeds 
2 0 fi-om the bottom portion of the trench 8 to the semiconductor substrate surface and 

consequently, a ^-shaped trench 8 whose bottom portion is narrower than the opening portion 
can be obtained. When a sidewall is formed in this trench 8, an emitter region 1 1 finer than 
the emitter region shown in the first embodiment can be formed. 

This invention includes by the base electrode layer 4 and the sidewall 9 that is 
2 5 provided on the inside wall of the trench 8. 

The base electrode layer 4 is in contact with the whole surface of the base region 3 
excluding the trench 8 and by making the base electrode 12 contact therewith via the through 
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hole provided on the oxide film 5, the grounded area of the base electrode 12 can be 
substantially improved. In addition, in the conventional configuration, the distance between 
the base electrode and the active region of the base immediately under the emitter region is 
long and a reduction in the base resistance rb is difficult, however, in this invention, the 
distance can be shortened by providing the base electrode layer 4 which extends fi-om the 
side surface of the trench 8 to the whole surface of the base region 3. Due to the 
improvement in the grounded area of the base electrode and the reduction in the distance 
fi-om the base electrode to the region immediately under the emitter region, the base 
resistance rb can be substantially reduced, therefore the high-firequency characteristics are 
greatly improved. 

In addition, the trench 8 for emitter diffusion is provided by photo-etching and an 
opening width in the order of 0.5fam is the limit of the current technique. However, by 
providing the sidewall 9, the opening width of the bottom portion of the trench 8 to be used 
for emitter diffusion, that is the opening width of the base region, can be reduced to 0.3|im. 
That is, not only can the area of the emitter region 1 1 diffused via this base region be reduced 
compared to the prior art but there is also a great contribution to the reduction in the base- 
emitter capacitance Cbe- 

In particular, as the second embodiment of this invention, if the trench 8 is formed 
into a 7-shape as shown in Fig. 2, the exposure width of the base region which is exposed at 
the bottom portion of the trench 8 can be reduced to the order of 0.2^m, therefore it is 
possible to fiirther reduce the area of the emitter region 11, thus resulting in a structure which 
is very advantageous to an improvement in high-fi'equency characteristics. 

Now, referring to Fig. 3 through Fig. 9, a first embodiment of a manufacturing 
method for an NPN-type transistor of this invention will be described in detail. In the 
following description, a first conducting type or a second conduction type merely means one 
of N and P conducting types. Accordingly, a first conducting type may be N conducting type 
or P conducting type, and a second conducting type is then one of the two types which is not 



the same as the first conducting type. 

A manufactiiring method for an NPN-type transistor comprises steps of, forming a 
first conducting type base region 3 on the surface of a second conducting type collector layer 
1, forming a base electrode layer 4 on the surface of the base region 3 and forming an 
5 insulating film 5 on the surface of this base electrode layer 4, forming a trench 8, which does 
not reach the collector layer 1, on the base region 3 by creating an opening at a part of the 
base electrode layer 4 and the insulating film 5 and forming a sidewall 9 on the inside wall of 
the trench 8, forming a polysilicon layer 10 containing impurities for emitter diffusion inside 
the trench 8, forming an emitter region 1 1 by diffusing the impurities fi-om the polysilicon 

1 0 layer 1 0, and forming a through hole on the insulating film 5 so as to form a base electrode 
12 which comes into contact with the base electrode layer 4 and at the same time forming an 
emitter electrode 13 which comes into contact with the polysilicon layer 10. 

The first step of the present embodiment is, as shown in Fig. 3, for forming the first 
conducting type base region on the surface of the second conducting type collector layer. 

15 A collector layer 1 having a collector pick-up IST-type high concentration layer is 

prepared. After cleaning the surface of the collector layer 1, for elements isolation, a 
LOCOS oxide fihn 2 in the order of 12000A is formed on the outside of a predetermined 
base region. After doping P-type impurities into the predetermined base region, a base 
region 3 having an impurity concentration in the order of IxlO'^'cm'^ is formed by thermal 

2 0 diffiision. In addition, a P-type epitaxial layer may be formed by vapor-phase growth so as to 
be the base region 3. 

The second step of the present embodiment is, as shown in Fig. 4, for forming a base 
electrode layer on the surface of the base region and forming an insulating film on the surface 
of this base electrode layer. 
2 5 This step is a first feature of this invention. First, on the whole surface, by a CVD 

method, a polysilicon layer with impurities in the order of 4xl0'^cm'^ doped is deposited at a 
film thickness in the order of 5000A to form a base electrode layer 4, which comes into 



contact with the whole surface of the base region 3. This polysiHcon layer may be a silicide 
layer or may have a multi-layer structure by forming a silicide layer on the polysihcon layer 
containing impurities. 

Furthermore, an oxide film 5 having a film thickness in the order of 5000A is formed 
on this base electrode layer 4. hi place of this oxide film 5, an insulating film such as a 
multi-layer film composed of an oxide film and a nitride fihn or the like may be formed. 

According to this step, the base electrode layer 4 which comes into contact with the 
whole base region 3 is formed and the grounded area of the base electrode increases, 
therefore the base resistance rb can be substantially reduced compared to the prior case where 
grounding has been performed only via a contact hole. 

In addition, since the base electrode layer 4 is provided on the whole surface of the 
base electrode 3, the distance fi^om the active region of the base immediately under the 
emitter, which is formed in a later step, to the base electrode can be shortened, and this also 
greatly contributes to a reduction in the base resistance rb. 

The third step of the present embodiment is, as shown in Figs. 5 A and 5B and Fig. 6, 
for forming a trench ,which does not reach the collector layer, on base region by creating an 
opening at a part of the base electrode layer and the insulating film and forming a sidewall on 
the inside wall of the trench. 

This step is a second feature of this invention, and as a first example, a method for 
forming the trench 8 by anisotropic RIE (Reactive-Ion Etching) is shown in Fig. 5(A). 

An opening portion having a width of 0.5^m is provided at a predetermined position 
of the base electrode layer 4 and the oxide film 5 by a photo-etching technique and the base 
region 3 is exposed. The base region 3 is subjected to anisotropic RIE using the base 
electrode layer 4 and the oxide fihn 5 as a mask using normal etching gas and the trench 8 is 
formed. By the anisotropic RIE, the opening portion and bottom portion are etched with an 
equal width and the depth of the trench serves as a depth that determines the base width Wb 
as mentioned above. 
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In Fig. 5(B), as a second example of this step, a method for forming this trench 8 into 
a T^shape is shown. 

Similar to the first example, an opening is provided on the base electrode 4 and the 
oxide film 5, and the base region 3 that is exposed fi-om the opening portion is anisotropically 
etched using HBr, N2, and He/02 in place of normal silicon etching gas. According to this 
method, etching proceeds while forming deposits on the sidewall of the etched trench owing 
to the characteristics of HBr and He/02. Therefore, the inside wall of the trench 8 has an 
slope and an angle created by a tangent line of the slope and the semiconductor substrate 
surface becomes gradually smaller as it proceeds from the bottom portion of the trench 8 to 
the semiconductor substrate surface and, consequently, the ^shaped trench 8 whose bottom 
portion is narrower than the opening portion thereof is formed. 

Then, as shown in Fig. 6, the sidewall 9 is formed on the inside wall of the trench 8. 
An NSG (non-doped siUcate glass) layer is formed on the whole surface by an LP-CVD 
method. It is sufficient that the film thickness thereof is a half of that of the opening portion 
or less. Thus, the NSG fihn is buried inside the trench 8. Thereafter, the whole surface is 
anisotropically etched to remove the NSG fihn and the sidewall 9 is formed on the inside 
wall of the trench 8. Since the sidewall 9 has the same thickness as the film thickness of the 
deposited NSG film, if the NSG is deposited at lOOOA, the thickness of the sidewall becomes 
0.1 ^m. 

That is, even in the case of the first example of this step where the thickness is 
0.5^m at the opening portion, the thickness becomes 0.3|im at the bottom portion. In 
particular, in the second example, since the front of the -y-shaped french is tapered, the bottom 
portion of the trench 8 becomes finer due to the sidewall 9 and can be reduced, for example, 
to in the order of 0.2\im. 

If such a fine width of the bottom portion can be obtained, the area of the emitter 
region to be formed in a later step can be reduced and the base-emitter capacitance Cbe can 
be reduced. 
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The fourth step of the present embodiment is, as shown in Fig. 7, for forming a 
polysilicon layer containing impurities for emitter diffusion inside the trench. 

The polysilicon layer 10 is formed on the whole surface by the CVD method. The 
polysilicon layer 10 fills up the inside of the trench 8 and comes into contact with the surface 
5 of the base region 3, which is exposed from the bottom portion of the trench 8. After an ion 
implantation of arsenic for emitter formation by diffusing the ions into the whole surface at a 
dose amount in the order of IxlO'^cm"^, the polysilicon layer 10 is patterned by normal 
photo-etching technique so that the polysilicon layer 10 only inside the trench 8 and in the 
periphery thereof is left and the reminder thereof is removed. 
10 When forming an emitter electrode in a later step, this polysilicon layer 10 

P 

O constitutes a part thereof 

Si The fifth step of the present embodiment is, as shown in Fig. 8, for forming an 



emitter region by diffusing impurities fi-om the polysilicon layer. 
3 By heating the whole device intermediate at a temperature from 900 to 1 000 TZ! for 

f^ 15 0.5-2 hours, arsenic is diffused from the polysilicon layer 10 and the emitter region 1 1 is 

formed. Since the inside wall of the trench 8 is coated with the sidewall 9, the impurities can 
be diffused only on the bottom portion of the trench 8. 

In addition, the base region 3 immediately under the emitter region 1 1 becomes an 
active region of the base and the base width Wb can be controlled by the depth of the trench 
20 8. In the prior art, in order to obtain an extremely shallow junction by thermal diffusion, it is 
necessary to lower the impurity concentration whereby unevenness becomes great. 
However, in this embodiment, the base region 3 is formed with a predetermined depth, then 
the emitter region 1 1 is formed by diffusion from the bottom portion of the trench 8, whereby 
in spite of a shallow junction, the base region 3 can also be uniformly formed with a 
25 predetermined concentration. Thus, the step becomes simple, and the uneveimess of the 
active base region can be reduced. 

In particular, as mentioned above, since the bottom portion is narrower in the case of 
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the 7-shaped trench 8, a finer emitter region 1 1 can be obtained and there is a great 
contribution to a reduction in the base-emitter capacitance, thus high-jfrequency 
characteristics are improved. 

The sixth step of the present embodiment is, as shown in Fig. 9, forming a through 
5 hole on the insulating film, forming a base electrode which comes into contact with the base 
electrode layer, and at the same time forming an emitter electrode which comes into contact 
with the polysihcon layer. 

By creating an opening on the oxide film 5 by the photo-etching technique, a through 
hole which exposes a part of the base electrode layer 4 on the LOCOS oxide fihn 2 is 
1 0 formed. A conductive material is deposited on the whole surface and photo-etched into a 
predetermined shape, whereby the base electrode 12 which comes into contact with the base 
electrode layer 4 is formed. 

Since the base electrode layer 4 with which the base electrode 12 comes into contact 
is formed adjacently to the opening portion of the trench 8, carriers move between the active 
15 region of the base immediately under the emitter region 1 1 and the base electrode layer 4 

extending to the opening portion. The distance can be substantially reduced compared to the 
prior art where the base electrode is provided only at the contact hole, and thus the grounded 
area is also increased. Furthermore, there is a great contribution to a reduction in the base 
resistance rb. 

20 In addition, since the LOCOS oxide film 2 for isolation is formed on the collector 

layer 1, the base-collector capacitance at this portion can also be reduced. 

On the other hand, by this photo-etching, the emitter electrode 13 is simultaneously 
formed on the polysilicon layer 10. A collector electrode (not shown in the figure) is formed 
by vapor-depositing metal on the back face. 

2 5 Now, referring to Fig. 10 through Fig. 16, a second embodiment of a manufacturing 

method for the NPN-type transistor of this invention will be described in detail. In the 
following description, a first conducting type or a second conduction type merely means one 
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of N and P conducting types. Accordingly, a first conducting type may be N conducting type 
or P conducting type, and a second conducting type is then one of the two types which is not 
the same as the first conducting type. 

The second embodiment of a manufacturing method for the NPN-type transistor 
comprises steps of, preparing a first conducting type collector layer 1 , forming a base 
electrode layer 4 made of polysilicon containing second conducting type impurities on the 
surface of the collector layer 1 and forming an insulating film 5 on the surface of this base 
electrode layer 4, forming a trench 8 on the collector layer 1 by creating an opening at a part 
of the base electrode layer 4 and the insulating film 5 and doping second conducting type 
impurities into the whole surface, forming a sidewall 9 on the inside wall of the trench 8, 
forming a polysilicon layer 10 containing impurities for emitter dif^usion inside the trench 8, 
diffusing the impurities in the base electrode layer 4 and in the periphery of the trench 8 and 
forming a base region 3 and, at the same time, diffusing the impurities firom the polysilicon 
layer 10 and forming an emitter region 1 1, forming a through hole on the insulating film 5 
and forming a base electrode 12 which comes into contact with the base electrode layer 4 
and, at the same time, forming an emitter electrode 13 which comes into contact with the 
polysilicon layer 10. 

The first step of the present embodiment is, as shown in Fig. 10, for preparing the 
first conducting type collector layer. 

A collector layer 1 having a collector pick-up N^-type high concentration layer is 
prepared. After purifying the surface of the collector layer 1, for elements isolation, a 
LOCOS oxide film 2 in the order of 12000A is formed on the outside of a predetermined 
base region. 

The second step of the present embodiment is, as shown in Fig. 1 1, for forming a 
base electrode layer made of polysilicon containing the second conducting type impiuities on 
the surface of the collector layer and forming an insulating film on the surface of the base 
electrode layer. 
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Similar to the first embodiment, this step is a first feature of this invention. On the 
whole surface, by the CVD method, a polysihcon layer with P-type impurities (dopants) in 
the order of 4xl0'^cm"^ is deposited at a film thickness in the order of 5000A and a base 
electrode layer 4, which comes into contact with the collector layer 1 and the LOCOS oxide 
5 fihn 2, is formed. 

Furthermore, an oxide fihn 5 having a film thickness in the order of 5000A is formed 
on this base electrode layer 4. In place of this oxide film 5, an insulating film such as a 
multi-layer film composed of an oxide fihn and a nitride film or the like may be formed. 
The third step of the present embodiment is, as shown in Figs. 12A and 12B, for 
g 1 0 forming a trench on the collector layer by creating an opening at a part of the base electrode 
H layer and the insulating fihn and doping second conducting type impurities into the whole 
surface. 

S 3 

j Similar to the first embodiment, this step also is a second feature of this invention, 

= and a method for forming the trench 8 by anisotropic RIE is shown in Fig. 12(A). 

t 

fy 1 5 An opening portion having a width of 0.5\xm is provided at a predetermined position 

Si of the base electrode layer 4 and the oxide fihn 5 by the photo-etching technique and the 

P 

i^i. collector layer 1 is exposed. The collector layer 1 is subjected to anisotropic RIE using the 

base electrode layer 4 and the oxide film 5 as a mask using normal etching gas and the trench 
8 is formed. By the anisotropic RIE, the opening portion and bottom portion are etched with 
20 an equal width. 

In addition, similar to the first embodiment, by carrying out anisotropic etching using 
HBr, N2, and He/02 as silicon etching gas, the trench 8 may be formed into a -y^shape as 
shown in Fig. 12(B). 

Thereafter, P-type impurities such as boron in the order of 1 xlO''*cm'^ are ion-doped 
2 5 into the whole surface of the device intermediate. Thereby, the P-type impurities are doped 
into the base electrode layer 4 and into the portion of the collector layer 1 surrounding the 
trench 8, as indicated by the dotted lines in FIGS. 12 A and 12B. 
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The fourth step of the present embodiment is, as shown in Fig. 13, for forming a 
sidewall on the inside wall of the trench. 

This step is identical to the description of Fig. 6 showing the third step of the first 
embodiment, therefore description thereof is omitted here. 
5 The fifth step of the present embodiment is, as shown in Fig. 14, for forming a 

polysilicon layer which includes impurities for emitter diffusion inside the trench. 

This step is also identical to the description of Fig. 7 showing the fourth step of the 
first embodiment, therefore description thereof is omitted here. 

The sixth step of the present embodiment is, as shown in Fig. 15, for forming a base 
P 1 0 region by diffiising impurities in the trench formed on the base electrode and the collector 

y layer and in the periphery of the trench, and at the same time forming an emitter region by 

f — 

p diffusing impurities fi-om the polysilicon layer. 

=1' This step also is a third feature of this invention. By heating the whole device 

fU 

5 intermediate at a temperature firom 900 to 1 000 X: for 0.5-2 hours, P-type impurities that 

N- 

nj 1 5 have been doped in the base electrode layer 4, the trench 8, and the periphery of the trench 8 
are diffused into the collector layer 1, whereby forming the base region 3. At the same time, 
by diffusing arsenic from the polysilicon layer 10, the emitter region 1 1 is formed. Since the 
inside wall of the trench 8 is coated with the sidewall, the emitter impurities can be diffused 
only on the bottom portion of the trench 8. 
2 0 Thus, the base region 3 immediately under the emitter region 1 1 which becomes an 

active region of the base can be formed by ion implantation fi-om the bottom portion of the 
trench 8 and thermal diffusion , therefore in spite of a shallow junction, the impurity 
concentration becomes uniform and the unevenness in the base active region can be 
suppressed. 

2 5 Also, the impurity concentration becomes uniform in the base region 3 as a whole 

and unevenness can be suppressed. 

The seventh step of the present embodiment is, as shown in Fig. 16, for forming a 
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through hole on the insulating film and forming a base electrode which makes contact with 
the base electrode layer and, at the same time, forming an emitter electrode which makes 
contact with the polysilicon layer. 

This step is identical to the description of Fig. 9 showing the sixth step of the first 
embodiment, therefore description thereof is omitted here. 

Moreover, in the present embodiment, a description has been given of the NPN-type 
transistor as an example, however, a PNP-type transistor wherein the conductivity is reversed 
can also be carried out. 

The above is a detailed description of particular embodiments of the invention. It is 
recognized that departures from the disclosed embodiment may be made within the scope of 
the invention and that obvious modifications will occur to a person skilled in the art. The fiill 
scope of the invention is set out in the claims that follow and their equivalents. Accordingly, 
the claims and specification should not be construed to narrow the fiill scope of protection to 
which the invention is entitled. 
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